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SECTION 1.0
INTRCDUCTION

The U.S. Environmental Protection Agency (EPA) has revised the Nationa!l
Ambient Air Quality Standard (NAAQS) for particulate matter (PM). The new
standard is based on PM with an aerodynamic diametar of less than or equal to
10 um (PM,o). Revision of this standard mears that states must review their
PM emission inventories anc State Implementation Plans (SIPs).

CPA publishes an Agency document, Compilation of Air Pollutant Emission’

Factors (AP-42),! to provide the states with quality-rated emission factors for
use in preparing emission inventories and SIPs. However, PM,, emissicn
factors for some open dust scurces are not presently contained in AP-42. The
purposa of this report is to fi11 gaps that exist in the PM,, emission factors
for those sources. PM,, factors have been derived using scientific and
engineering judgement and employing cata transfer techniques.

The PM,, factors derived in this study represent uncontrolled emissions
(unless noted) and should be used cauticusly to fill gaps in PM,, emission in-
ventories. The most reliable emission factors are based on source-specific
test data. The rezder is cautioned to-use the gap filling facters only fer
situations where the stated caveats and assumctions are valid and for these
sources where no direct test data are otherwisa availabie.

!  Compilation of Air Pollutunt Emission Factors (AP-42), Volumes [ and II,
U.S. Environmental Protection Agency, Office of Air and Radiaticn, Research
Triangle Park, NC, Fourth Edition: September 1985 and Supplement A:
Oc*ober 1986.
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SECTION 2.0
DEVELOPMENT OF PROPOSED PM,, EMISSION FACTORS

In this study, the first step consisted of the review of current AP-42
factors for applicability, with particular emphusis on particle size informa-
tion. Fcr some open area dust sources, AP-42 presents particulate emission
factors for total suspended particulates (TSP) or other particle size frac-
tions which can be used in estimating PM,o. The second step was to search for
other dccuments which could contribute applicable PM,, emission factor
information. Finally, al! technical information was evaluated and methods
were prcposed and then used to develop PM,;, emission factors for the sources
of interest. :

In particylar, three general technigues were used to develop PM,,
factors. The first technique consisted of dividing a source activity into
generic compcnents and then combining available emission factors for thase
activities into a new emission factor for the source of interest. The second
technique involved the formulation of a new factor using marginally applicable
but related factors and size-specific data. The third technique was to base a
PM,, factor on field testing data not currently reported in AP-42.

The above procadures.resulted in PM,, emission factors for the sources
presanted in Table 1. fach source is identified by category and dust-emitting
activity. Related AP-42 emission factors are listed, if available, together
with the basis for the proposed PM,, emission factor. .

Table 2 summarizes and assigns quality ratings to the propased PM,, emis-
sion factors for oten area dust sources of interest and notes the relevant
section of this repurt for each source. The quality ratings (A-E) are esti-
mates of the reliapnility of the factors and apply only when emission param-
avare are within stated limits. Sections 3.0 through l7.0 oresent detailed
sacxgreund ‘nformation and methodology for 2acn 3f the propased M,, Facicrs,
and state ali assumptions and caveats. Background documents used as refer-
ences and to prepare the PM,, emission factors have been assembled and are on
file at the Criteria Emissions Secticn of EPA's Offica of Air Quality Planning
and Standards. : ,
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TABLE 1. PM| g EMISSION FACTCR CEVELOPMENT

Agpticaole
Seurce AP=42
. 4QOrY Activity secrions Basis ‘for progosed M, emission facToer .

agricutrurst tilling Tilling (mechanical) 11.2.2 Current AP=42 tacTor is sgecitic =0 M 3.

Agricut*ural harvesTing of coTton havesr:ag, loading, s.16 Py o tacTOrs are c103at/ Fedrasentec 3v M.
tield trauspor? tacrors in AP=42.

(mechanicsi)

agricuirural nérvestiag ot grain Marvesting, leading, 8.17 P o tacrors are ctosely rearesented 3y P4,
field transport tacrars in AP=32.
(mschanical)

deste gisdcsal By durving . Burning (cosoustrion) 2.4 Currear TSP factars in P-4 sre noTed 33 3eing

sostly sucaicren ang Thus 3130 represantarive
ot PM; g facTOrs.

Airsore runways (unpaved) Aircratt landings and 1.2.1 Ungaved road OM; s r2cTCr 3 uSEd #ifh TearfesanTe
raneotts (mecnanical rive paraometers tcr small sircryt® rurways
and wing erosion) together with 8 wind ercsion multiplier.

Ca*tie feediars Surtace disturdance 6.13 Curreas TSP tactors ire made w0ecific To Mg
(mechanical); exposed 11.2.2 using an serodynemic osrticle sile mitiolier
erodible surfecs trom agricultural soils.

(wing erasion); rraftic
(mechanical)

Consrruction site oregarsrica Trattic and materials 11.2 TSP tactors Dack-caicuiared using 1isosriion
nandting (eecha:ical sodeling 3re sade soectfic r0 715 ugsing M
and wind ercsion) . average PNy /TSP ratio measured i te tield,

Jemalition ot srructures Building desrrucrion 1.2 Current AP-42 PM. 4 Factors tor aten roo

a. Exolosive Jsrora- operations snd ungaved ~0ad TruUCK *Tivet e
rion usad TOGETREr ¢ifth w0 Weesured TSP ‘scrors

b, Macnanics! iepec® (corrected ra Mg using 3 Jenaric Jart:cie 3.5

Oeoris cteanuo suitiplier) for truck fitling, The M., t3ctor?

3. Seor-3 .Qagi°g sre =om01ned NG “e11Tad "2 Mg ‘'J0F 3JIce I @
{(#ocaInIcal md JOmO! i SNES U1 IGING iB1AG “21ATIANINIIS M 3
wing erdsion) survey Of damoiisned Juildings,

9. Truenk rrattic

Oft-nignuay wenicte rrattic Tratfic (mechanical); - Mersurec M. 4 facTors ‘or venicle *rave! on
surfecn disturtance natural desert Terrlia sre used for four-enee:
(eind erozion) venictes and are correctea Jer AP=42 tor

sgrorcycie eheets 3and <e:gNT,
rcontinved)

2.
b




*ABL: ! (Canrinued)

Applicatle

Scurca AP=32
Caregory ACTivity secrions Basis for provosed Mg emizgion tacTor
wnicipal $01id easte lanatilis Trattic (mecnanical); 1.2 Egission inventorier ‘cr ™wo tanafill srudies arz
dumoing (mechanicai); rne Jasis fcr emissicns from ngeved a3 “TIve:
covering »ith s0il nangling of till mareriais, and Jozer sCT vy,
(mechanical 3ng wind Curreat AP-d2 facTors 3re uised “O coTain 3 V.,
erasian) sasc=or tor NS4 iandtilis 383ec 3n VSW vo'une Te~
ceip?s and onesite Trave: disrancs To fne 2is-
posal sire.
Coarse, 377 tilings donds €xpcsed eradidie - P, g fsCTOr is c'osely regraseated 3y measurad
surtace (wing PM, 5 tacTor.
ss.0n)
Transgor=at ' on Tire wear Trattic (mechsnical) 1.2.5 m{o factor was deve:sped Ny EPA fres l3puratory
ang tield sTucies.
TranscorTarion brake wear Trattic (mecnanical) (11,25 PM. g tactor eas deveicoed Dy SPA from |aDeraroty
' studies. o
Roae sanding/sa:tring Trattic (mecnanical) 11.2.3 Enrire PM 4 traction (contained in the silT frac
rion) of The sand mixTture is 3s3umed TO Seccme
airborne. These fracTions sre 2a33ed Of TeasUrac
vaiues for sang and for wesTern sandy sOilis.
Five percant of ™e 2oplied 3817 i3 23%umed °3
dry on roacway end 10 parcenr of Pnis tilm is
assumed TO Da driven otf as FM. o emissions,
noaved sarxing iors Trattic (mecnanical); 1.2, PM; 4 tacTor is Dased on AP=32 unoavec r23¢
exposed erocibie facror with deiss.T vaixes ‘3¢ sil?, numger ot
surtacs (vind vhee!s, venic:e weignT, and veniclie soeed.
eres.an)
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TABLE 2. DOROPOSZD GAP FILLING EMISSION FACTORS

Estimared Applicadble repcr?
Sourze caregory Estimated PM,; o emission factor ratiag section
Agricul*ural tiliing #P-42 Equation 1 in 11.2.2.°' 8 3.0
Agricuitural harvesting or cotron AP-42 Taole 6.16-2 c 3.0
sgricuiturs! harvesTidg of grain  AP-82 Tapis 6.17-1 : 0 5.0
Aaste 4isposal by burniag AP-d42 Tables 2.4-1, 2.4-2, and 2.4-3 8 6.0
AirporT cunways {(unpaved) 75s g/LT0 € 7.0
’ 0.19s ib/LTO
|
Ca~Tle teediuTs 70 kg/day/1,000-h=3d capacity 3 8.0
180 1b/day/!,000-nead capacity
or 15 metric ton/},000-head throcughput
17 tors/1,300-head throughout

o e . . c
Consfructior site preparation €.7 kg/VKT } topsoil removal 0 9.0

20 1b/YMT

V1od kg/VKT ¢ our and Fill operations

4.3 1b/VMT

2.8 <g/VKT 3 ook naulage

10 16/VMT
Cemciivion of structures 56 g/m2 of demolished floor areas 0 10.0

0.011 1b/#+2 ot demolished #locor area
Qf¢f-highway vehicle traval 1.8 xg/VKT la-whee! vehicles

6.3 lo/YMT 0 11.0

.25 kg/VKT } mororcyctes

0.39 1b/VMT
Mynicipal solid e-aste !anafills 2.4 g/ns-mi 0 2.0

0
Zoarse, 2rv T3i:ings songs 20 Tv mg/mz of exJosed T3ilingt ares 0 '3.0

: 4.6 Tv mg/ffz of exposed tailings area

Transpor®ar.cn Tire wear ) 1 mg/VKT 3 14.0 ’

2 mg/IMT
TransporTarion Srake wear 7.8 mg/VKT c 15.0

13 mg/VMT ’

(cor.tinned)




TABLE 2 (Continued)

Estimated Aopiicable reoort
caregory Estimated PM; o emission fzctor rating secrtion
Road sanding/satting 13s g/metric ton of aoplied sand E 16.0
0.03s 1b/ton of apcl.ed sand
4.3 kg/metric ton or aoplied salt
10 1d/ton of applied sat®
Unpaved parxing iofs 0.2 (égigg) (L + W) g/veaicte parked 0 17.0

(English unit not suiradie)

s = Siit contenr (2}

LTO = Langing/Taxeoff cycles

VMT = Venicle milas rraveied

“KT =2 Vehicle kilometers traveled
MSW volume (ms)

Q E
3 = Distrance beTween gate and MSW disposal site (mi)
T s Numper of minutes that wind velocity exceeds 19

time period of interest

L = Dimension of parking lof perpendicular to aisles (a)
w = Dimension of parki:g ot paraliel To gisles (m)

m/e (42 mph) =r 10 @ above surtace quring specific

—a ot oy —
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SECTION 3.0
"AGRICULTURAL TILLING

3.1 BACKGROUND
The mechanical tilling of agricultural land injects dust particles into
the atmosphere as the soi! s loosened or turned under by plowing, disking,
harrowing, one-waying, etc. There is a predictive emission factor equation ir
AP-42, §11.2.2 for the estimation of dust emissions from agricultural tilling.
0.6
£ = k(5.38)(s) kg/ha
E = k(4.80)(s)°"® b/acre
where s = silt content (percent) of surface soil (default value of
18 percent)
k = particle size multiplier (dimensionless)
3.2 DERIVATION OF PM,, EMISSION FACTOR
Field measurement tests are cited in AP-42 §11.2.2, "Agricultural Till-
ing," and provide the basis for deriving the PM,, emission factor. In this
instance, AP-42 provides an aerodynamic multiplier to convert total suspended
particulate value to a PM;, value. The particle size multiplier, k, is given
as 0.21 for PM,.
3.3 RQECOMMENDED PM,, tMISSION FACTOR(S)

If a silt value can be obtained, the.emissioﬁ factor equation (with an
2p.12 rating of 3) is:

E,o = (0.21)(5.38)(s)" " kg/ha
= 1.1(s)""* kg/ha
= 1.0(s)°°6 1h/acre

If a silt value cannot be obtained, a default value of 18 percent is
used, and the emission factor equation (with a C rating) is:

E,o = (0.21)(5.38)(18)""* xg/ha
= 6.4 kg/ha

= 5.7 1b/ac:e
7




The "above équaticns are based solely on information currently contained in
AP-42. Silt content of tested soils ranged from 1.7 to 88 percent.

3.4 REFERENCE DOCUMENTS
AP-42, §11.2.2 (with its references), including

Cuscino, T. A., Jr., et al., The Role of Agri-ultural Practices in Fujitive

Dust Emissicns, California Air Resources Board, Sacramento, CA, June 1981.
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SECTION 4.0
AGRICULTURAL HARVESTING OF COTTON

4.1 BACKGROUND

Mechanical harvesting of cotton invalves three unit operations: harvest-
ing, trailer loading {(basket dumping), and transport of trailers in the
field. Particula*te emission factors from these operations were developed by
sampling dowawind concentrations and then applying atmospheric diffusion
mocdels. These emissions factors are shown in AP-42. Emissions are related to
machine sceed, basket and trailer capacity, .iint cotton yield, free silica
content, and transport speed. The particulates are ccmposed mainly of raw

cotton dust and sclid dust, which contains free si[ica.
4.2 BASIS FOR DERIVATION OF PM,o EMISSION FACTCR

tjald measurement tests are cited in AP-42, §6.16. These tests produced
the particulate emission factors presented in Table 3 (AF-42 Table 6.16-2).
Emission factors are far total respirable particulate < 7 um mean aerodynamic
diameter.

4.3 RECOMMENDED PM,, EMISSION FACTOR(S)

PM,, factors are closaely represented by the factors presented in Tabie 3
(< 7 um mean aerodynamic diameter). The factors are based on average machine
speed of 1.34 m/s (3.0 mph) for pickers ard 2.25 m/s (5.03 mph) for strippers,
on a basket capacity of 109 kg (240 1b), on a trailer capacity of six baskats,
on a lint cotton yield of 63.0 metric tons/km2 (1.17 bales/acre) for pickers
and 41.2 metric tons/km? (0.77 bale/acre) for strippers, and on a transport
speed of 4.47 m/s (10.0 mph).

4.3 REFTRENCZ OGCUMENTS
AP-42, §6.16, including
Snyder, J. W., and T. R. 8lackwood, Source Assessment: Mechanical Harvest-

ing of Cotton - State of the Art, EPA-600/2-77-107d, U.S. Environmental Pro-
tection Agency, Research Triangle Park, NC, July 1877.
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TABLE 3. PARTICULATE EMISSION. FACTORS FOR COTTON HARVESTING OPERATIONS?
(Table 6.16-2 from AP-42)
EMISSION FACTOR RATING: - C

Trailer :
Harvesting loading Transport Total
ke b ka1 ko b ko l1b
Type of harvester km2 mi2 _kmz mi2 km2 miz  km2 ni?
Picker® :
Two-row, with basket 0.46 2.6 0.070 ©.40 0.43 2.5 0.96 5.4
Strip:erd . T
Two-row, pulled trailer 7.4 42 b - 0.28 1.6 7.7 44
Two-row, with basket 2.3 132 0.092 0.52 0.28 1.6 2.7. 15
Four-rcw, with basket 2.3 13 0.092 0.52 0.28 1.6 2.7 15
Weighted average® 4.3 24 6.056 0.32 0.28 1.6 4.6 26

8emission factors are from Snyder, 1977 fer particulate of < 7 um mean diameter.

ENot applicable. :

“Free silica content is 7.9%: maximum content of pesticides and defoliants is 0.02%.
Free silica content is 2.3%: maximum content of pesticides ana desiccants is 0.2%.

€The weighted stripping factors are pased on estimates that 2% of all strippers are
four-row models with baskets, and of the remairder, 40% are twc-vow models with ;
pulling trailers and 60% are two-row madels with mounted baskets. :

- e c— .
C wmeame
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SECTION 5.0
_ AGRICULTURAL HARVESTING OF GRAIN :

5.1 BACKGROUND

Mechanical harvesting of grain includes three operations: (1) crop han-
dling by harvest machine, (2) loading of harvested crop into trucks,- and
(3) transport by trucks on the field. Particulate emissicn rates -from these
operations were developed by sampling downwind concentrations and then apply-
ing atmospheric diffusion models. Thesa emission rates/factors are given in
AP-42 Table 6.17-1. Emissions are related to combine speed, combine swat:
width, fiald transpcrt speed, truck loading time, truck capacity, and truck
travel time.

5.2 DERIVATION OF PM,, EMISSION FACTOR

Field measurement tests are cited in AP-42 §6.17. These tests nvoduced
the particulate emission factors/rates in Table 4 (AP-42 Table 6.17-1) Emis-
sion factors are for total respi-~able particulate of < 7 uym mean aerodynamic
diameter and also are estimates of PM,, factors. :

5.3 RECOMMENDED PM,, EMISSION FACYCR(S)

PM,, factors are closely represented by tne factors presented in AP-42

Table 4 (< 7 ym maan aerodynamic diameter)., Assumptions are an average com-
bine speed of 3.36 m/s, combine swath wiath of 6.07 m, a fieid transporti s.Jeed
of 4.48 m/s, a truck laading time of 6 min, a truck capacity of 0.52 kmZ for
:heat and 0.029 km? for sorghum, and a filled truck travel time of 125 s per
oad.

§.4 REFERENCE OOCUMENTS
AP-42, §6.17, ircludinrg

wachter, R. A., and T. R. Blackwood, Source Assessment: Harvesting of Grain,

State of the Art, EPA £C0/2-79-107f, U.S: Environmental Proiaction Agency,

Pesearch Triangle Park, NC, July 1977.
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TABLE 4. EMISSICN RATES/FACTORS FROM TEE HARVESTING GRAING
(Table 6.17-i from AP-42) :
EMISSION FACTOR RATING: O

Emission rate® Emission factor®
. Wheat Sorghum Wheat Sorghum
Operation - ib/h mg/s 1b/h mg/s 1b/mi2  g/km2  1b/mi? g/km?

Harvest

machine 0.027 3.4 0.18 23.0 0.96 170.0 6.5 1,100.0
Truck ) : _ . .

loading 0.014 1.8 0.014 1.8 0.07 12.0. 0.13 22.0 1
Field

transport 0.37 . 47.0 0.37 47.0 0.65 110.0 1.2 200.0

dreom Wachter, 1977 for particulate of < 7 um mean aerodynamic diameter.
Assumptions from Wachter, 1977 are an average combina speed of 3.36 n/s.
combine swath widtn of 6.07 meters, and a field tiransport spead of 4.48 m/s.

'CIn addition to Note b, assumptions are a truck loading time of 6 min, 8 truck
capacity of 0.052 km* for wheat and 0.029 km2 for sorghum, and a filled truck
“ravel time of 125 s/load. . '
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SECTION 6.0
WASTE DISPOSAL BY BURNING

6.1 BACKGROUND

Open hurning is usc? to dispose of both industrial and agricultural
wastes. Various burning emission factors are reported in AP-42, §2.4, -but
there is no indication of “exact® particle size. Oominant activities in-
fluencing emission leveis are firing techniques, moisture content, and "fuel”
type.

6.2 BASIS FOR DERIVATION OF FM,, EMISSION FACTGR

Total particulate values for open and agricultural burning in AP-42
Tables 2.4-2 and 2.4-3 are footnoted as being mostly submicron, and thus
should represent PM,, emission factors well.

fad

6.3 RECOMMENDED PM,, EMISSION FACTOR(S)

It is assumed that all emission factors given in Tables 5 to 7 (AP-42

Tables 2.4-1 to 2.4-3) are < 10 umA, As a result, the attached AP-42

Tablec 2.4-1, 2.4-2, and 2.4-3 are representative also of PM,, emission
factors.

6.4 REFERENCE DOCUMENTS

AP-42, §2.4 (with its refert V.
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TABLE 5. EMISSION FACTORS FOR OPEN SURNING OF NGNAGP.ICULTURAL MATERIAL
(Table 2.4-1 from AP-42)
EMISSICN FACTOR RATING: 8

-

Sulfur Carbon voc? Nitrogen
Source particulate oxides monoxide Methane Nonmethane oxides

Municipal vefuseb

kg/Mg 8 0.5 a2 6.5 T 15 3

1b/ton 16 1 85 13 30 6
Autcmabile

ccmponents®©

kg/Mg S0 Neg. 62 5 16 2

Tb/ton 100 Neg. 125 10 32 4

3pata indicate that VOC emissions are approximately 25% methane, 8% other
saturates, 18% olefins, 42% others (oxygenates, acetylene, aromatics, trace

bformaldehyde)..
References 2, 7 from AP-42, §2.4.
CReference 2 from AP-42, §2.4. Upholstery, belts, hoses, and tires burned

together.
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TABLE 6. EMISSION FACTCRS AND FUEL LUADING FACTCRS £CR

OPEN BURNING OF AGRICULTURAL MATERIALS?
(Table 2.4-2 trom AP-312)
EMISSICN FACTOR 'RATING: 8

J it

o Carbon vect

Particulate

nonoxide MeTRANG NCnme Thane

Fusi loacing 4acTars
(waste prajucTtion)

Refuse catejory kg/kg 10/70n  kg/Mg fo/tcn  kg/%g to/Ton  Rg/Mg To/ton v3/na Tens/sacre
Ziavs zruss?
.nssec:fied il 2 38 117 2.7 5.2 F) H ] 3.3 2
Surning *ecaniques ’
not significanT "
ASparagus 20 40 73 150 10 20 33 66 3.3 1.5
Bariay 11 22 78 157 2.2 4.5 7.8 1§ 3.8 V.7
Corn 7 18 54 108 2 4 ] 12 5.4 1.2
Correon 4 8 88 176 0.7 1.4 2.5 5 3.3 .?
Grasses 8 16 50 101 2.2 4.3 7.5 1§ :
2ine2ppie? 3. 8 56 112 ! 2 3 6 ‘
Rice 4 9 at 83 1.2 2.3 4 8 6.7 3.0
Saffiower 9 18 2 144 3 6 10 20 2.9 1.3
Sorgnum ] 18 38 ” 1 2 3.5 7 6.5 2.9
Sugcar cans' 2.5-3.5 6-8.4 30-d1 60-81 0.6-2 1.2-3.8 2-6 8-12 8-16 3-17
~eazé re surningd
aifalta 23 45 53 106 4.2 8.3 13 28 HIN- ) 0.3
Sean (red) 22 43 93 136 s.5 1 18 36 5.6 2.5
Hay (wilg) 16 32 70 139 2.5 S 8.5 17 2.2 1.0
Qars 22 34 8 137 4 7.8 13 26 3.6 1.6
Pea 16 3 74 147 4.5 9 15 29 5.6 2.3
aheatr 11 22 64 - 128 2 4 6.9 13 4.3 1.9
Sackfire burningk
Alfalia 14 29 €0 13 4.5 9 13 29 1.8 0.3
2ean (red), pea 7 RY 72 148 3 6 10 19 5.6 2.5
way (wild) 8 17 75 150 .2 3 6.5 13 2.2 1.0
3ars 1" 21 8 136 2 4 ? 12 3.6 1.6
anear é 13 34 108 1.3 2.6 4.5 2 1.3 1.9
iine £, 208 3 3 26 51 0.8 V.7 3 b 5.6 2.5
Aeeas
Mspecified 3 'S 32 L H] 1.5 3 1.3 9 7.2 3.2
Syasian “n.sTle
1S, eweed) ‘0 22 'S4 339 0.2 3.5 2.3 ‘.5 0.2 et
"y @S {e;l2 reeds) 3 5 7 3¢ 3.2 6.3 10 ra
Pha-iat 1ad :r:csc"'”
.~e38c - aq : 3 8 b e 2.5 3 3 .3 -}
t.o=grnz 3 3 23 5 2 : 3 243 .3
2902 2 4 21 a2 0.5 t * .5 3 5.2 2.3
A3ricar 3 5 28 49 ! 2 b 8 4 1.8
Z.0c2300 10 21 58 116 3.8 7.5 i2 5 3.4 1.3
nersy 4 8 22 34 1.2 2.5 3 8 2.2 1.0
Zi*rus ‘orange,
amon) 3 5 10 a1 1.5 3 5 9 2.2 1.0
Sara 2awm 5 'Q. <8 56 2.8 1.7 3 35 2.2 1.9
'3 4 7 28 7 .2 2.5 3 8 1.9 2.2
Nec~arine 2 ) 16 33 . 0.3 ! .5 3 3.5 2.0
01, se 6 12 57 113 2 4 7 1d 2.7 1.2
Pascn 3 [ b4 12 0.6 1.2 2 4 5.6 4.3
Sear 4 9 28 $7 1 2 3.5 7 .2 2.6
frune 2. 3 ra 42 Q.9 0.7 ! 2 .7 1.2
dainur 3 6 23 47 1 2 3 6 2.7 . 1.2

(continued)
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TABLE 6 (zo0n" inuel)

o Cardon ' voct Fue! lozding factors
Par~iculare nonaxide ; Marnane No-smerthane (waste pragucticn)
Refuss caregory Kg/sig io/ton kq.-'m_ [(-YAL-L k'_:.:'.cg 1o/ ton kgsMg Ig/Ton Mg/ ha Tons/2cre

Forast residues”

Unspecified 8 17 70 130 2.8 5.7 -] 13 197 70
Hemiock, Oouglas
$ir, ceaar 2 4 45 S0 Q.6 1.2 2 4
Paaderosa yinel 5 12 98 195 1.7 3.3 5.5 1
Note: Re‘erences below are cited in AP-42, §2.4, .

8c pressed as weight of pcliutant emitted/weight of refuse material burned.
PRe.erence 12. Particuiate marter from most agricultural refuse burning has bewn tound to Je in Tne
sucmicrometer size range. .
€Data ingicare that VOC emissions average 22% methars, 7.5 othe saturates, 17% oleivins, .53 azerylene,
-'18.5% unicentified. Unidentified VOC are expected to include aldehydes, ketones, arcmatics,
cyctogarafting,
Qeferences !2-13 for emission factors; Reference 14 for fuel iocading factors.
Ffor these refuse materials, no significant difference exists between emissions from heasfiring or
rrektiring.
feacears resresent emisesions under rypical Righ moisture conditions, 1f ferns are aried t> < 152
«cisTure, particularte emissions will De reduced by 30%, CO emissions 232, vOC 74i.
Reference il. When pineapple is ailowed to dry to ¢ 203 moisture, as it usually is, firing tecnnique s
not important. When neadfired at 20% moisture, part’culate emissions wifl increase to 1.5 kg/Mg
(23 1b/ton) and VOC will increase To 6.5 kg/Mg (13 1b/ton).
Factors are for dry (153 moisture) rice straw., |f rice s*raw is burned ar higher moisture levels,
particulate emissicns will increase to (1.5 kg/Mg (29 1b/ton), CO emissions to §0.5 kg/Mg (181 Ib/ton),
;ang VOC emissions tO 11.5 kg/Mg (23 Id/ton). .
Reference 23. See SecTion 8.12 for discussion of sugar cane burning. The totlowirg fue! loadiag
sactors are *0 be used in the corresponding states: Louisiana, 8-13.6 Mg/ha (3-S5 rons/acre); Florida,
11=19 Mg/ra (4-7 tons/acre); Hawaii, 30-38 Mg/ha (11-17 tons/acre). For other aruas, values generaily

incrasse with lengrh of growing season. Use tnhe larger end of the emission factur range tor lower
.ioading facTors. ) .

lsee text far definition of headfiring.

Kcae text for definition of backfiring. This categcry, tor emission estimation purpases, includes
anoTher Technique used accasionally T limit emissions, called into-rne-wind sTriplignring, wnich '8
,lighting fields in strips inro the wind ar 100-200-m (300-€00-tt) interveis.

Orchzrd prunings are usuatly burned in piles, There are no sigrificant gifferences in emissions
Seteeen burning a "coid pile” and using a roll-on tachnigue, where prunings are builldozed onto fhe
Lonoers of -3 oreceding fire.

n:? orchar? removai is T1e purdose of 3 ourn, 66 Mg/ha (30 rons/acre) ot «aste will dDe Jdricuced.
Reference '0. MO emiss.ons estimarsd ar 2 <g/Mg (4 1d/ton).
zeterence 15. ° .

Reterence ‘6.




TABLE 7. EMISSION FACTORS FOR LEAF 3URNING?
(Teble Z.4-3 ¥rom AP-42)
EMISSION FACTOR RATING: B

voc©
, Particu1ateB Cerbon monoxide Methane Nonmethane
Lgaf species kg/Mg 1b/ton kg/Mg 15/ton kg/Mg 1b/ton kg/Mg 1b/ton

B8lack Ash 18 36 63.5 127 5.5 11 13.5 27
Modesto Ash 16 32 8l.5 . 163 5 10 12 24
White Ash 21.5 43 57 113 6.5 13 16 32
Catalpa 8.5 17 43.5 8¢ 2.5 5 6.5 13
Horse

Chestnut 27 54 73.5 147 8 17 20 40
Cottonwood 19 38 45 90 6 12 14 28
American Elm 13 26 59.5 119 4 8 9.5 19

. Eucalyptus 18 36 45 90 5.5 11 13.5 27

Sweet Gum 6.5 33 70 140 ) 16 12.5 25
Black Locust 35 70 65 *39 11 22 26 52
Magrolia 6.5 13 27.5 85 2 4 5 10
Silver Maple 33 66 51 102 10 20 24,5 49
American

Sycamore 7.5 15 57.5 115 2.5 5 5.5 11
California

Sycamore 5 10 52 104 1.5 3 3.5 7
Tulip 10 20 38.5 77 3 (] 7.5 15
Red Oak 46 92 63.5 137 14 28 34 69
Sugar Maple 26.5 83 54 - 108 8 16 20 40
Unspecified 19 38 56 112 6 12 14 23

2gefarences 18-19 from AP-42, §2.4. Factors dare an arithmetic average of
results obtained by burning high and low moisture contept conical piles,
ignited 2ither at the %op or around the pariphery of the bottom. The
Jingrcw arrangement was 2nly tested on Modestd Asn, Caralpa, dmerican 77,
Sweer Gum, Siiver Mapie, and Tulip, ang resuits are inciuaed in the aver-
ages for these spacies.
The majority of particulates is submicron in sizz.
Crests indicate that VOC emissions average 29% methane, 11X other satu-
rates, 33% olefins, 27% other (arcmatics, acetylene, oxygenate§).
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SECTION 7.0
AIRPORT RUNWAYS (UNPAVED)

7.1 BACKGRCUND

Emicsions from aircratt landings and takeoffs are caused by mechanical
entrairman’ of soil by aircrart wheel/surface contact and by win¢ erosion from
the aircraft wake. There ic no directiy aoplicable emission factor in
AP-42. However, unpaved road emissions are quantified in AP-42, §11.2.1, and
are believed to be appropriate for es%imatiny emissions from unpaved airoort
runways. Runways are a minor source (i.a., compared to rural unpaved
roads). Emissions vary with geographic area a; refiected in dry days and soil
textursa.

7.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

The unpaved rcad equation frcm AP-42, £11.2.1, *hould be used:
fexan) () () ) T () (BB e

) 07 (u) 0.s /365-p)
'y Y7365 J

wiE

£ =k(s.9) (3) (%) ( 1b/VMT

emission factor

particle size multinlier (dim2nsioniess)

silt contant ¢f rcad surface material (%)

mean vekricle speed, kn/h (mph)

mean vehicle weight, Mg (“on)

mean numpber of wheels , ,

number af days with at least 9.254 mm (0.01 in) of arecipitition
per year

whare

’

WE XV XM
(TR O I |

A wind erosion muitiolier of 2 shculd be acded to the above equation as
recammended in  the MRI national survey of fugitive dust sources
(£PA-450/3-74-08S5).

7.3 RECCMMENCED PM,, EMISSION FACTOR
(LTO)The proposed emission factor is based on aircraft landing/takeoff cycles

E,o » 86 s g/LT0 {0.19 s 1b/LT0)

18




where s = silt content of runway surface material (default value of 12%)

This factor applies to dry dirt airstrips only. Oefault valves are:

LTO average speed
LT0 runway length
Plane weight = 1 ton
Number of whaeels = 3
frecipitation days = 0

Wind erosion multiplier = 2

40 mpn
1 mi

7.4 REFERENCE DOCUMENTS

AP-42 311.2.1 (with its references), and

Cowherd, C. Jr., et al., Emissions Inventory of Agricultural Tilling, Unpaved
Roads and A.sstrips, and Construction Sites, EFA-350/3-74-085, U.S. Erviron-
men*al Protection Agency, Research Triangle Park, NC, November 1974.
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SECTION 8.0
CATTLE FEEDLOTS

8.1 BACKGROUNC

particulace emissions from cattle feedlots result from surface distur-
bance (mechariczl), exposed erodible surface (wind erosion), and vehicle traf-
fic (meshanical). The current AP-42 emission factor in §6.15 is based on
‘either feedlot capacity or feedlot throughput:

289 1b/day/1,000-head capécity (TSP)
27 ton/1,000-head throughout (TSP)

Emissions are related to climate, soil texture, season, cattle density, nat-
ural mitigation of cattle in holding pens, and pen cleaning cycle.

8.2 BASIS FOR DERIVATION OF PM;, EMISSION FACTOR

, The AP-42 T3P emission factors (Rating E) for cattle feedlots are made
specific to PM,4 using an aeradynamic particle size multiplier (PM,o/TSP) for
agricultural tilling found in AP-42, §11.2.2, assuming that TSP is equivalent
to PMjo. Mechanical disturbance of loose soil causes emissions for both
cattle feadlcts and agricultural tilling. The emiscion factor is derived as
follows:

£ = Efll

10 = TSP ETsp

«here the ratio, Phio _ 0.21
TSP 0.33

8.2 RECOMMENDED PM,, EMISSION FACTUR(S)
The following calculated values renresent emissions for cattle feedlots:

€,0 = 0.21/0.33 x 280 1b/day/1,000-head capacity = 180 1b/day/1,000-head
: cepacity (70 kg/day/1,000-nead capacity)

or = 0.21/0.33 x 27 tons/1,000-head throughout = 17 tons/1,000-head
throughput (15 metric tons/1,000-head throughput) :

20




8.4 ASSUMPTIONS AND CAVEATS

Suspended particulate from cattle feedlots is assumed to be of same
particle size distribution as from "generic” agricultural soil with 18 percent
silt fraction. In addition, TSP is assumed tc ue equivalent to PM,,.
Emissions are related to climate and natural mitigation of cattle and cattile
density.

8.5 REFERENCE DOCUMENTS
AP-42, 8§5.15 and §ll1.2.2.

Cuscino, T. A., Jr., et al., The Role of Agricultural Practices in Fugitive
Dust Emissions, California Air Resources Board, Sacramento, CA, June 1G81.

Peters, J. A., and T. R. Blackwood, Source Assessment: Beef Cattle
Feedlots, EPA-600/2-77-107, U.S. Environmental Protection Agency,
Research Triangle Park, NC, June 1977. :
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SECTION 9.0
CONSTRUCTION STTE PREPARATION

9.1 BACKGROUND

The current AP-42 emission.factor- (related to particles < 30 umS) is
1.2 tons/acre/munth for an entiie construction site. However, three different
source activities usually comprise construction site preparation: topsoil re-
moval (generally with scrapers), eartamoving (cut and fill operations), and
truck haulage. These are represented separately in the sections balaw to
produce estimated PM,, emission factors for each activity.

The most applicable reference document (Kinsey, 1983) indicates that the
ambient PM,, concentration (C) downwind of road construction activity is
related to surface silt content. (s), traffic density (Ty), and surface
moisture (M by: -

—0.%0

C=60(s)"°" x (Td)"°“ x (M)

at a dow ~ id distance of 50 m. Therefore, PM,, emissicn factors should also
te relatei to simiiar parameters.

9.2 BAS S FOR DERIVATION OF PM,, EMISSION FACTORS

The #“,, emission factors were determined from TSF amission factars
(back-ca’ = lated using dispersion modeling) and an average PM,q/75? ratio
measureg ‘1. the field. .

2.2.1 Me2 jred fmission Factors for fonstructicn Site °=amnaration

The data 'in Table 8 were presented by J. S. Kinsey et al. in Study of
Construction Related Dust Control.

Three different construction activities were tested and are separated
selcw by run number: - .

. Run Nos. AH-1 and AH-2 = Topsoil renoval
. Run Nos. Al-4, AH-5, AH-7, and AH-10 = Earthmoving (cut and fil1)
. Run Nos. Ai-11 and AH-12 = Aggregate hauling (on dirt) .

22
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TABLE 8. CALCULATED EMISSICN FACTORS FOR CONSTRUCT ION-RELATED FUGITIVE DUST?
(Tablie 5-4 from Kinsey, 1983)
virtual Mean
distance Dispersion wind Net downwind Vehicle s

Run Con*rol Staditity (g_in coeificient speed c:ngsnfrasion sasses/ TSP emission facrar
No. scenario classification meCars). ‘°z) (@/%) (IC" ¢/m”) minute Kkg/vensxm 10/ M
AR-1  Uncontrolled 0 83.7 6.01 4.4 13,292 1.03 2. 5.5 ;
AH=2 Uncontrotled 0 83.7 6.01 8.1 16,996 1,57 9.7 73.4 :
AH-3 Uncontrolled c 50.8 7.49 4.1 595 0.47 2.37 3.3
aH=3 Unccartrolled ] 35.1 9.12 3. 7,642 1,02 1.7 41.5
AH=5 Uncontrailed 0 83.7 6.01 3.8 3,28 1.25 3.0 r3.2
AH=§ Uncontrollec D 83.7 6.01 8.0 232 0.94 0.932 3.3 \
AH=7  Uncontrolled c 50.8 , 7.49 4.9 124 0.07 3.98 18,14
AH-9 Uncontrclieg 8 35.1 9.12 2.8 676 0.86 1.2 1,29 )
AH=10 Unceontrolind [} 83.7 6.01 8.7 977 0.88 2.78 9.86 '
aH=11 Uncontrolled c $0.8 7.49 5.5 603 .2t 7.28 25.8
AM=12 Uncantrol’ed o 50.8 . 7.49 5.8 2,448 0.38 17.2 61.0
AH~-13 Contrclled o] 83.7 .01 1.1 249 0.51 0.567 2.0?
AM-14 Uncontrolled c $0.8 7.49 3.4 84S 0.63 1.94 6.88
AH=15 Controlied D 83.7 §.01 5.6 199 0.3 0.857 3.04
AH-16 Controlied o 30.8 7.39 6.2 1,872 Q.54 7.74 27.5
AH=17 Controiled 8 35.1 9.12 1.6 - 864 0.59 2.42 8.58
AH-18 Controllied o] 83.7 6.0) 8.0 384 0.60 1.92 6.81 ’
AH=19 Coantroitied c $0.8 7.49 8.4 219 0.74 1.14 4,04 :

. Vo
Average unccntrolled emission factor 7.92 28.1 il
Average controiled emission facror 2.44 8.66 o

3r5p a particles < ~ 30 umA
VvMT 2 vehiclo miles Traveied,
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The TSP emission factors were calculated from test dJata obtained at a distance
of 50 m downwind of the construction activity. Ratios of PM,,/TSP were ziso
cbtained during the kH-test series and are presented in Table 9. :

9.2.2 <Calculation of PM,, Emission Factors

For topsail removal, Tests AH-1 and AH-2 are applicable. The following
calcuiations were made to obtain estimated PM,, emission factors.for this
activity:

Average TSP emission factor = 21.3 + 22‘7 kg/VKT 5 21 kg/VKT

~Average PM,,/TSP ratio = g=g§—5;9=gz = 0.27

Therefore for topscil removal:

Average PM,, emissicn factor = 0.27 x 21 kg/VKT = 5.7 kg/VKT

For earthmoving (cut and fill), Tests AH-4, AH-§, AH-7, and AH-10 are
applicable. The following calculations were made to obtain estimated PM;,
emission factors for this activity.

11.7 + 3.71 + 3.98 + 2.78 ka/VKT . 554 kq/VKT
4 - e

Average TSP emission factor =

Average PMyo/TSP ratio = 0:22.20.23 + 0.19 + 0.25 . 0.22

Therefore for earthmoving (cut and Fill):
Average PM,, emission factor = 0.22 1 5.54 kg/VKT = 1.2 kg/VKT
For aggregate haulirg (on dirt), Tests AH-11 and AH-12 are applicable.

. The following calculations were made to obtain estimated PM,, amission factcrs
fcs this activity: :

Averige TSP emission factor = 1.26 » 1;'2 <a/VKT 5 12.2 xg/VKT

Average PM,o/TSP ratio = 9423—%-9423 = 0.23

Therefare for iggregate hauling (on dirt):

Average PM,, emission factor = 0.23 x 12.2 kg/VKT = 2.8 kg/VKT
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TABLE 9. NET PARTICULATE CONCENTRATION: AND RATIOS
(Tadte 4-3 from Kinssy, 1987%)
Rarios (net ‘Ratios (net
Net concen?rafion Net ccncen?rafson . concenTrarion) concenfrgrion)
ar 25 m (uy/m”) ar S0 = (ug/®”) at 5 am art SO0 m

i - "TF7"T¥T;;7"?=7 7157"=F]:;7":§7

Test 10 TSP 1P F"IO FP TSP 1P P"IC FP TSP TSP TSP TSP . TS? TS?
M=} 19,79 5,505 4,338 1,361 13,292 4,303 3,844 1,194 0.28 0.22 0.07 0.32 0.26 0.09
Art=2 36,623 12,115 9,514 3,295 16,996 3,799 4,577 1,668 ©.33 0.26 0.C9 C.3& 2.27 0.'0
AM=3 1,285 232 m 39 595 119 81 11 Q.16 0.13 G.05 ©.20 0.!'3 .02
AH=d 9,108 3, 32" 2.848 769 71,642 2,517 1,991 721 0.36 0.29 0.08 0.33 0.22 0.C8
AH=S 4,39 1,226 986 334 3,281 965 758 288 0.28 0.22 0.08 0.29 0.23 0.09
AH—€ 230 98 g0 3 292 100 0B 36 0.43 0.35 0.16 0.37 0.30 0.12
AR=7 192 S€ 45 17 124 b3 248 6 0.29 0,23 ©.09 0.27 0.19 0.03
AH=Q 1,260 27 236 176 678 146 94 62 0.18 0.19 0.14 0.22 0,14 0.09
AM =15 2,915 782 627 234 977 /8 242 79 0.27 0.22 0.07 0.3¢ C.2¢ 0.C8
AH=11 832 239 192 78 6Ca 16 13~ a8 0.34 0.22 G.1t 0.27 C.23 0.08
AR=12 3,267 746 €51 177 2,448 706 5a1) 178 0.23 0.'7 0.05 2.29 0.22 0.07
AH=13 755 259 212 96 248 51 %) 13 0.34 0.28 ¢.13 0.20 0.16 Q.03
AH=14 1,136 309 243 106 845 218 178 84 0.27 0.22 0.09 ¢.25 0.2 0.1Q
AH=15 933 22 167 60 159 94 43 15 0.25 0,18 0.05 09.39 9.27 0.9
. AH=16 1,845 301 3 12 1,472 281 217 78 0.22 0.17 0.07 0.i19 0.!5 0.7
AR=17 835 187 112 40 554 95 62 14 0.18 0.13 C.08 0.17 0.:) 0.03
AH-18 303 99 78 29 384 76 56 19 0.33 0.26 G.10 0.20 ©0.'4a 0.10
. AH~=19 29% n 55 16 2!9 70 50 14 0.26 0.19 .0.05 0.32 0,23 0.05
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9.3 RECOMMENDED PM,, EMISSICN FACTORS
Based on the above calculations, the estimated PM,, emission factors are:
. Eio = 5.7 ky/VKT (20 1b/VMT) for topsoi1 removal

The above factor appl<es only to: 15 m3 capacity pan scrapers; tonsoil with a
< 56 percent silt; and surface moisture in range of 1.4 to 1.9 percent.

. Eip = 1.2 kg/VKT (4.3 1b/VMT) for earthmoving (cut and fill opera-
tions)

The above factor applies only to: 15-m3 capacity pan scrapers; soil with siit
content in range of 13 to 34 percent; and surface misture in range of 2 to
il percent. _

e E,;q = 2.8 kg/VKT (10 1b/VMT) for truck haulage

The abaove factor applies oniy to 9- to 13-m3 capacify dump trucks having three

to five axles; surface silt content in range of 17 to 20 percent; and surfacs

moisture of 1.3 percent.
9.4 REFERENCE DOCUMENTS
AP-42, §11.2 (with references), and
Kinsey, J. S., et al., Study of Construction Related Dust Control, Contract

No. 32200-07976-01, Minnesota Pollution Control Agency, Rosaville, MN,
April 19, 1983. . '
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SECTION 10.0
DEMOLITION OF STRUCTURES

10.1 BACKGROUND

The demolition of structures involves two primary scurces of emissions:
destruction by explosicn or wrecking ball anda site removal of dabris. There
is no AP-42 factar for the first category, but PM,, emissicn factor equations
are available for on-site materials handling and vehicle traffic.

10.2 BASIS FOR DERIVATION OF PM,o EMISSION FACTOR

Current AP-42 equations can be used for the dismemberment and transport
of debris. Also available are two measured TSP factors for truck loading with
crushed limestone using a front-end loader. These emission factors can b2
related to structural floor space as shown in the following sections and ther
combined to produce a composite factor. ¢

10.2.1 PM,, Smission Factor Calculations for Demolition of Structures

Three operations are necessary in demolishing and }emoving structures
frem a site:

Mechanical or explosive dismemberment
Debris loading
On-site truck traffic

16.2.2 Mechanical or Explesive Oismemherment

Tre first cleration is addressad through the use of the AP-32 materials
aangliag aguation, since no amissicn factar data ire avaiiable “zsr 3lasting 2r
wrecking a puilding.

The proposed emission factor for dismembermert and collapse of a
structure can be estimated using the AP-42 equation for batch drop operations:

(

1.3

)

[, =3

le®

Ep = k(0.0032) ——— 1b/ton

N

- )
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where k = 0.35 for PM;,
U = mean wind speed (dafault = 5 mph)
M = material moisture content (Default = 2%)
and - Ep = 6.0011 1b/ton (with default parameters)

This factor =an be modified for waste tonnage related to structural floor

space. The fallowing relationships were determined from a 1976 analysis by
‘Murghy and Chetterjee of the demolition of 12 ccmmercial prick, concrete, ard
steel buiidings: :

1 ft2 floor space = 10 ft3 original building volume
1 ft3 building volume « 0.25 ft3 waste volume

1 yd3 building waste = 0.5 ton weight

Mear, truckh capacity = 30 yd? haulage volume

From these data, 1 ft2 of floor space represents 0.046 tan of waste mate-
rial, and a revised emission factor related to structural floor space can be
obtained:

£y = 0.0011 1b/ton - £.046 ton
ft
- 0.000051 b/ft’

10.2.3 Oebris Loading

The proposed emission factor for debris loading is based on two tests of
the filling of trucks with crushed limestone using a front-and loader, part of
the test basis for the batch drop equation in AP-42, §11.2.3. Crushed
limestone was considered closest in composition to the brcken brick and
plaster fcund in demolished commercial buildings. The measured emission
factors for crushed limestone were 0.053 and 0.063 1b/ton TSP. To convert the
average TSP factor, 0.058 1b/ton, to a PM,, factor with source extent of
structural floor space, the previously determined estimate of 0.046 ton/fi2
and a particle size multiplier must be usad. The result is the emission
factor for debris loading:

E_ = «(0.058) 1b/ton - 0.045 ton

fe

-

. 0.00093 b/fs’

where k = 2.35 js taken from the new recommended particle size muitipliers
developed by Muleski (1987).

10.2.4 On-%ite Truck Traffic

The proposed emission factor for cn-site truck traffic is based on the
unpaved road ecuation from AP-42: o

e - x(59) (13) () 3)

0.7 0.5 \

§) G5 o
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0.36 fer PM[Q

silt content (default = 12%)

truck spead (default = 10 mph)

truck weight (default = 22 tons)

rruck wheels (default = 10 wheels) .

number of days with precipitation (default = 0 days)

where

Eunn X
nuw oW u N

o

For a demolition site, 10-wheel trucks of mean 22-ton gross weight are
estimated to travel 1/4 miie on-site for each rourd trip to remove dry
debris. With this information and default values for the unpaved read
equation, the propused emission factor for on-site truck traffic becomes:

£ = (0.36)(5.9) (B)(33)%) 7 (2 "s.(égggg) 1b/VMT = 4.5 1b/VNT

To convert this emission factor from 1b/VMT to 1b/ft2 of structural floor
space, it is necassary to use the previously described relaticnships obtained
from a study by Murphy and Chatterjee. '

N.25 mi . ydzwaste J 10 xg’ volume yd2

2
_ 3 3 2 7 = 0.0023 mi/ft
30 yd- waste 4 yd vonlume yd floor space 9 ft

and Er = 4.5 1b/VMT x 0.0023 mi/fs2
= 0.010 1b/ft2
10.3 RECOMMENCED PM,, EMISSION FACTOR

The combined emission factor for building demolition, debris loading, and
truck traffic is thus:

E;o = Eo + EL + ET
= 0.000051 + 0.00C93 + 0.210 1b/ft?
= 56 g/m? (0.0l% ib/ft?) of demolished floor 2rea

‘e

Tt s 2as'ly seen that amicsicns from snesite truck traffio Zonstitute the
averwneiming por=ion of °M,, smissions From duilaing Jemoiition ang removai.

10.4 REFERENCE DOCUMENTS
AP-42, §11.2 (with associated references), and
Muleski, G., C. Cowherd, Jr., and P. Englehart, Update of Fugitive Dust
Emission Factore in AP-42 Section 11.2, Final Report prepared by Midwest

Research Insti:ute for U.3. Environmental Protection Agency, EPA Contract
No. 68-02-3891, Assignment No. 19, July 14, 1987. .
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Murphy, K. S., and S. Chatterjeze, Cevelopment of Predictive Criteria for
Demolition and Construction Solid Waste Mancgement, Final Report presared
oy 3Battelle Columbus Laboratories for the U.S. Army Corps of Engineers,
MTIS ADA 033646, October 1976.
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SECTION 11.0
OFF-HIGHWAY VZHICLE TRAVEL

11.1 BACKGRCUND

Travel on natural unpaved surfaces by two- and fcur-wheel vehicles is
generally related to urnpaved road traffic, but the current emission factor in
AP-42 is not deemed applicable. The mechanisms of dust generation are similar
to those for unpaved roads but the travel surfaca is not compacted.

11.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

A field study of vehicle travel on natural desert terrain in Kern County,
California, produced the data in Table 10.

TABLE 10. COMPARISON OF EMISSION FACTORS FOR ROAD 2
(Table 2 from Mulaski et al., 1982)

Emission factor (1b/veh-mi)
<50 ymA <30 ymA < 10 umA < § ymA < 3 ymA

1 Predicted value . - 7.67 6.06 2.83 1.53 0.929
2 Preliminary field value? 10.0 8.52 .76 2,01 1.13
1 devised field value 16.5 1a.2 6.25 1.35 1.38
CZazisof 2 w12 1.20 1.40 1.23 B 1.22
Ratic of 3 to 12 2.16 2.34 .21 2.9 2.92

gValues taken frem fable 1 of cited report.
Dimensicniess.

Per the apove table, a PM;, emission factor for 4-wheelad light-duty vehicle
- traveling over essertially natural cesert terrain was obtained by:

Evo = 626 T0/VMT x 0.456 kg/l1b x Tspmi—
= 1.77 kg/VKT
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For off-road motcrcycles it can be assumed thet:

. The emission factor for 4-whaeled vehicles can be corrected for the
number of wheels and weight as in MRI unpaved road equation. '

. Motorcycle weight = 400 1b (vehicle : rider).
« ~ Pick-up truck weight = 4000 1b.
Therefcore:
£,y = 1.77 kgt x(&2) < (§)
= 0.25 kg/VKT
11.2 RECOMMENDED PM;o EMISSION FACTORS

The tentative PM,, emission factors for off-highway vehicle travel ara:

. Eio = 1.8 kg/VKT (6.3 10/VMT) for 4.wheel vehicles

. Eio = 0.25 kg/VKT (0.89 1b/VMT) for motorcycles

The atove emission factors apply oniy to: soil siit = 28 to 31 percent; and
soil moistursa = 0.5 to 1.0 percent. _

11.4 PREFERENCE DOCUMENTS
AP-42, §11.2.1 and
Muleski, G. E., and C. Cowherd, Jr., Measurement of Fine Particle Fraction

of Road Dust Emissions, Final Report Addendum, MRI Project No. 7267-L,
Kernridge 0i1 Company, McKittrick, CA, April 23, 1982.
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A SECTION 12.0
MUNICIPAL SILID WASTE LANDFILLS

12.1 BACKGROUND

Municipal solid waste (MSW) landfills emit particulatas due to traffic.
materials harndling, and covering waste with soil. Although no single emission
value for landfills is given in AP-42, many of tha unit operations in MSW
landfi11ing practice fall into the gzneric operations discusse¢ in Sec-
tion 11.2. Traffic is the most important source of particulate emissions.

12.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

In 1987 FM,, emission inventories were prepared for two landfills in the
Chicago area. Unit operations of interest in this study were travel on un-
paved roads, matarials handling of cover and other fill materials, and dozer
activity (both on the access area proximate to the 1ift and in spreading
cover). Current AP-42 equations were used in these inventories. Handling and
ccmpaction of MSW were deemed negligible in terms of dust emissions because cf
the generally wet and/or containerized nature. Wind erosion of all materials
considered was found to be insignificant. The two landfills were adjacent tc
one another, and thus no large variation in soil/surface characteristics wes
notead.

Summary information is shown below:

Landfill 1 Landfill 2

Average daily receipts (yd3,

-=MSW 2,4C0 2,000
--Z3ver 2ang sther mater‘al 1,200 200
Cover matarial (y43) used 750 - 1,200
daily

One-way travel distance (mi) 1.0 0.33
from gate to dispesal area

Uncontrolled PM,q emission 1,4G0 1,000
rate (1b/day)

Fraction of uncontrolled emis- 82% 84%
sion rate due to unpaved road

travel

33




Because the majoer portion of emissions is due to unpaved road traffic
(i.e., exclusive of dozer movement), it appears reasonable to obtain a rough,
preliminary estimate of emissions based on travel distance to the MSW disposal
site:

Landfill 1: (1,400 1b/day)/(2,400 yd3/day)/(1.0 mi)
or, 0.6 1b/yd3/mi : :

Landfill 2: (1,000 1b/day)/(2,000 yd3/day)/(0.33 mi)
or, 1.5 1b/yc3/mi

Average: 1 1b/yd3/mi

12.3 RECOMMENDED PM,, EMISSION FACTOR (PRELIMINARY)

The recommended preliminary emission factor is:

E,o = 0.4 kg/m’/mi
= (1 1b/yd’/mi)

where the source extent is expressed as the product of: (1) the volume of MS4
disposed and (2) the distance between the gate and the disposal area. Note
that (2) may vary dramatically over the 1ife of the facility, as the active
disposal area changes with time.

This preliminary emission eitimate is subject to considerable uncer-
tainty. Major sources of uncertainty are discussed below:

a. The above estimate assumed that surface and traffic conditions,
operating practices, travel routes, excavated earth characteristics,
etc., 2t two adjacent larcfills in the Chicago area are representa-
tive of MSW site conditizns throughcut the United States.

b. Because there are no applicable PM,, emissions data for dozer move-
ment at landfills, the AP-42 TSP dozer equation for overburden
removal at western surface coal mines was usad. This introduces
considerable uncertainty because of: (1) the vastly different ooer-
ating characteristics (e.g., speed, travel distance) between surface
caal mines and landfills and (2) usa of a TSP model %3 estimate PM. o
emissions.

c. Bcth inventoried landfills regularly apply water to control dust and
thus improve visibility. (Controil efficiency «alues of roughly 80
percent were tound.) Common practice in the geugraphic area of
interest should be determined prior to using the estimate.

12.4 REFERENCE COCUMENTS
Muleski, G., and D. Hecht, PM,o Emission Inventory of Landfilis in the Lake

Calumet Area, MRl Final Report, E?A Contract Nz, 68-02-3891, Work
Assignment 30, Septembar 23, 1987.
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SECTION 13.0
COARSE, DRY TAILINGS PONDS

13.1 BACKGROUND

Wind erosion of coarse, dry tailings ponds is currently not addressad in
AP-42. However, the discussion of wind erosion of storage piles in AP-42
§11.2.3.3 notes that factors influencing emissions are silt and moisture
content of the erodible surface and the threshold wind velocity. ’

12.2 BASIS FOR DERIVATION OF PM,o - EMISSION FACTOR

A 1983 study produced an average emission factor measured for particies
< 12 ymA. This PM,, factor is specific to a particle size very close to PMyq
and can thus be used to estimate PM,, emissions. Table 11 presents emission
factor test results for PM,; for an uncontrolled tailings pond.

TABLE 11. WIND EROSION EM!SSION FACTOR TESTING
(Table 7 from Bohn, 1983)

Tailirgs Threshold Test Emission factor (x 0.001)
TesT Product and (moisture) (siit) wvelocity velocity <2 um < 2.1 um
No. Dare dilurion (%) $3 {10 m heighr-moh) (grams,m.9u"./S0uare mever)
! §/28 Coanerex 12:1 0.26 0.05 53 b 1v) 2.G2 1,23
2 5/28 Conerex 9:1 0.38 0.03 53 50 2.53 1.28
3 §/28 Lignosuifonare 8:! 9.352 1.3 30 50 2.58 2.58
1 6/15 Coherex°12:1 Q.85 1.6 32 40 77.2 ' 7.6
5 5§/15 Csanersx 12:! 0.36 1.6 32 3 16.2 ‘ 2.13
< 5/'% Ssnerex 3:° 9.28 1.3 6 30 J.381 : 2.296
7 §/1% ' ignosuifonare 3:1 0.335 2.3 o G ©.50 v. 20
15 7/27 Lignosulfonate 4:! 0.28 3.3 . 43 50 283 54.0
16 7/27 Lignosul tonare 8:1 0.30 0.30 a8 50 1360 216
18 7/28 Naico 655 0.10 1.30 . 45 50 116 18,2
19 7/28 Magnesium chioriae 0.57 6.50 31 30 1500 - : 213
(resTed =n Qry
saction)
42a 9/22 Auncontrolled 0.37 0.50 40 4s 73.8 17.2
a3 9/22 Uncontrolled 0.35 1.0 43 50 ~25.6 3.10

i




The average PM,, emission factor and threshold wind velocity can be
calculated from Tests 42a and 43 by: .

. - 25 2/mi jon tim2
. Average PM,, emission factor = 73.8 + 25.6 mq/m21m1n of erosion tim2

= 49.7 mg/m2/mir '

. Average threshold velccity = 40 + 43 mph . 42 mph x 0.447 RS
: 2 mph

= 19 m/s
Assuming PM,; = PM;q and rearranging in equation form:
€10 = 49.7 Ty
where E,, = PM,, emission factor pe? unit surface ar~. of exposed tailings
(mg/m2) per time period of interest

= number of minutes wind velocity exceeds 19 m/s at 10 m abgve
surface curing time perjod of interest

Ty

Application of the above equation reguires detailed site-specific data
for both source parameters and meteorology. An acceptable procedure to
estimate the wind velocity term (T,) would involve use of historical data from
a nearby operating weather station operated by the Naticnal! Weather Service.
These data are available for many locations in the U.S. from the National
Climatic Data Center, Asheville, North Carolina. The actual procedure would
involve ordering the individual data points from lowest to highest wind speed
and then simply determining the percentage of observations that exceed the
calculated threshold velocity.

If the data are reported for 3-h pericds and by the mean number of days
per year that winds exist in each period, the above equation could be modified
as follows:

' - - min No. of days -
€ s i = 49, x 1 ; = £ e
.o = 19. " 48,7 v 180 Serioa X Jear 3,950 JA

where E.0 = PM;o emission factor per unit surface area of exposed tailings
(mg/m2)

Tya = No. of days per year that winds exceed 23 knofs (as indicated
by NCOC data) fcr each 3-h period

Due to the nature of how the wind data are collected and reported, it is

expected that very small (if any) Tya values will be shown for wost reporting
stations and thus severely limit appiication of the above equation.

36

A e ——————ce—e o

PRy N
’

:'.,i -
-
'.::..
L 4
=k
L3
b
V5
L7




13.3 RECOMMENDED PM,, EMISSION FACTCR

The following tentative emission factor is proposed for coarse, dry

tailings.

Eio = S0 T, mg/m2 (4.6 mg/ft2) of exposed taiiings surface per unit
. time period ‘

whiare Ty = number of minutes wind velocity exceeds 19 m/s (42 mpr) at
10 m above surface curing time period of intarest (e.qg.,
annual). .

The assumptions which underlie the above estimate of PM,, emissions are:

1. The emissfon factor for < 12 ymA particles is essentially equai'tc'

PM,,-
2. A surface moisture cortent of 0.35 to 0.37 percent (dry conditions).
3. A surface siit content of 0.5 to 1.0 percent (coarse tailirgs).

13.4 REFERENCE DOCUMENTS
 AP-42, §11.2.3.3 (with its references), and

Bohn, R. R., and J. D. Johnson, Dust Control of Active Tailings Ponds,

Contract No. J0218024, U.S. Bureau of Mines, Washington, 0C, February
19830 ' -~
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SECTION 14.0
TRANSPORTATION TIRE WEAR

14.1 BACKGROUND

The particles emitted from vehicle tires are kndvm to be related to

traffic type and use (roadway classification). AP-42 currently does not

report any factors to estimate tire wear emissions.
14.2 BASIS FOR DERIVATION OF FM,, EMISSION FACTOR

Several laboratory and roadway studies have been made of particles
emitted from rubber tires of light-duty vehicles. After review of these
éggc.ﬁes, the EPA developed a PM__. factor in a 1985 document, EPA 460/3-85-
14.3 RECOMMENOED PM;O EMISSION FACTOR

The estimated PM,, emission factor is:

Eio = 1 mg/VKT (2 mg/VMT)

The above factor was developed for light-duty vehicles.
14.4 REFERENCE DOCUMENTS

Site Specific Total Particulate Emission Factors for Mobile Sources, EPA 460/3-

35-005, Preparad for EPA, Ann Arpor, MI, by Energy and Eavircrmentai
Analysis, irc., August 1985. ’



SECTION 15.0
TRANSPORTATION BRAKE WEAR

8.1 BACKGRCUND

The use of brakes in vehicle traffic causes emissions of asbestos-
containing brake material as the brake pads are worn away »ith each brake
application. Emissions are related to vehicle type, number cf stops/mile and
to severity of braking. Currently no emission factor exists in AP-42.

15.2 BASIS FOR DERIVATIQON OF PM,, EMISSION FACTOR

Airtorre particuiate emissions have been determined as related to braking

action and corrected to PM,,. Thase laboratcry-derived factors are reported
in a 1985 report, EPA 460/3-85-005. '

15.3 RECOMMENDED PM,;, EMISSION FACTOR
The estimated PM,, facter is:

Eio = 7.8 mg/VKT (13 mg/VMT)
and applies to light-duty vehicles.

15.4 REFZRENCE DGCUMENTS

Site Specific Total Particulate Emission Factors for Mobile Sources, EPA‘ 460/3-

85-005, Prepared for EPA, Ann Arbur, MI, by Energy and Enviranmenta’

Analysise, inc., August 1985.
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SECTION 16.0
ROAD SANDING/SALTING

16.1 BACKGROUND ‘ ]

After sand/sait mixtures are applied te rcads to increase traction on
snow ard ice, vehicie traffic serves to reentrain the particulate, i
particularly the silt fraction deposited in active lanes. Some additional :
5ilt is formed by grinding. Emissions are much greater under dry road
conditions. A current AP-42 emission factor equation for iocaded (industrial) !
paved ruads is relevant for short-term periods (hours to days) only, as the !
sand/salt mixture is quickly depleted from the travel surface. ‘ i

——

16.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR : ;

The following table presents typical mixtures of salt and sani for road

|
sanding: g
Locality Parts NaCl Parts Sard ! i
Colorado 1 10 to 20 i
Kansas 1l 0 tod )
K3nsas City, MO 1 J3tod
Gverland Park, KS 1 3

P
—

The above discussion is presented to show that road sand commonly in- toy
cludes a significant salt fraction. For purposes of emissicn fector develon- S
meat, the salt and sand rcad loadings are treated saparataly below.

16.2.1 PM,. Emissions from Sand

]
The antire PM,, fraction contained ‘n the siit of the 3ppliea sand s !
sssumed to beccme airborne. The mass of emissions reentrained by road traffic ’ !
is relatad o sand quantity and size distribution. According to a Kansas City 1
road sana supplier, river sand is washed, with > 92.5 percent then being re-
tained cn a 20C-mesh (75-um) screen. Missouri State sample analysis has shown
0.2 to 9.5 percent < 75 uym. A calculated mear silL has been reported at
9.35 percent. An analysis of PM,,/PM,¢ ratios for western sandy soils gives
&n average ratio of 0.002€. See Table 12. -,
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TADLE 12. RESULTS OF SIEVE ANALYSES®
(Table 4 from Kinsey, 1986)

Particle size . Sandy ASL sofl sample No. b Sandy ASL soll sample No. 2€ SAE coarse test dustd .

range (um ‘we{ggg,x in stated range) _ weight ¥ in stated range) (weight £ in stated range) |
physical diameter) SpVit 1 SpiTt 2 Split 37 Average §ET§E’TB‘§p||t 2 Split 3 Average Spiit T Split 2 Spiit 3 Average

> 149 "6 nJa 1.1} nad 77.3 7.1 16.9 77.1 1.04 0.513 l.lb
105-149 10.0 10.6 10.1 19.2 10.2 10.6 10.8 10.5 10.5 3.52 4.39
74-105 8.93 7.02 9.10 8,35 5.15 3.99 4.12 §.42 13.1 10.3 5.49
§3-74 3.48 4.61 3.5 3.e8 3.91 4.56 4,50 4.32 3s.2 48.6 49.0

30-53 4.66 1.96 4.95 4.52 2.44 . 2.55 2,56 - 2.52 29.5 32.9 3.7

10-30 - 1.26 1.48 l;28 1.34 1.00 1.13 1.08 1.07 7.68 a.12  8.26
<10 0.0236 0.0511 0.0446 0.0404 . 0.00729 0.00660 0.0131 0.60900 Ni1® N1 N1 1®

.

0.684
6.16
9.63

45.3

31.4°
6.69
ane

;All data rounded to three siyanlficant figures. Particles < 74 (mP classified by sonic sieving.
Sample marked "SHD Soil Sample at Raln Site.® .
Csample marked “0GT 11 Top Layer.*

dSAf coarse grade Lest dust oblained from Powder Technology, Inc., Burnsville, MH. Material consists of graded Arizona road

edust. :

that the particles had formed almost homogeneous, spherical agglomerates during the sonic classification process.
agglomerates may be the result of triboelectric effects created during sieving. .

’

]
No materia) was found to pass the 10-um sieve. Upon examination of the sfeves by optical microscopy, It was determined

These
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The estimatac PM,, emissions frcm road sanding are calculated as follaws:
E,o = 2,000 f (s/160) 1b/ton of sand ‘applied
= 7.5 g/matric tcs (0.018 1b/jton)

where f is the proportion of PM;q in the silt fraction of sanc (de?au1t frac-
tion of 0.0026), and s is the si1t content (percent) of the sand (default of
0.35 percent).

16.2.2 PM,, Emissions from Salt

Both calcium chloride and sodium chloride are used for treating icy
roads. Only PM,, emissions frcm sodium chioride (rock salt) will be estimated
s nce the amcunt of applied calcium chloride is usually quite small.

The very finest screenings of rock salt of 98 to 99 percent purity con-
tain relatively large concentratisns of anhydrite grains. A considerable
amount cf this material is assumed to dry on the road and eventually to become
airborne as PM,,, i.e., 0.2 percent of tne total salt applied.

An estimate of PM,, emissions from the 98 to 99 percent pu?e sait is
based on an estimate of 5 percent of the salt remaining as a dried film on the
road pavement, and 10 percent of this salt film driven off as particles of

< 10 ym physical diameter. This latter number is pased on a sonic sieve -

analysis of powdered NaCl. PM,, emissions from salt applied to roads are cal-
culated as follows: ’ .

Eio = (0.05){0.10)(2,000 1b)/ton of salt applied
= 10 1b/ton oFf salt applied

16.7.3 Example Calculation of Annual PM,, Emissions from Sand/Satt
Application

An examole calculation of yearly PM,q emissions from the State of Icwa
demenstrates the use of the sand and salt emission factors. In [owa, the
typical aoplication rate cf salt per snow day is known to be 510 lb/mi; the
anglication ~ate far sand is astimated at 1,000 'b/mi. Mean annuail snow 4ays
Zor Iowa are 10 days with 13,100 mi creatad witn sait/sana {Tapie .l). M,
emissions are calcuiated as follows:

~ 0.018 1b PM
_ . 1,000 1b sand 10
= 12 =lar < —t —
£, = 12,100 l-Tane m% x =5greni— * Z7000 1b sand

x 10 snow days

10 1 PM
510 1b salt 10
+ 13,100 1-1ane mi x -—__—2_]ane mi x 10 snow days X 2.000 .]b sand

= 167,615 1b/yr
= 34 ton/yr

As is shown above, the emissions from salt predominate.
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TABLE 12. MILEAGE OF TREATED HIGHWAYS AND TOLLWAYS, |
ANO MEAN ANNUAL SHOW DAYS BY STATE |
(Table H-2 from McEiroy, 1976) i
Single-lane Single-lane - . .
kilometers milas
treated treated Mean annual j
State x 1,000% x 1,c002 snow days® y
\
Northeastern States . 1 |
Maine 12.1 7.5 30 _
New Hampshire 11.3 7.0 20 ]
Vermcnt 7.4 4.5 20
Massachusctts 15.1 9.4 18 4
Connecticut 15.1 5.4 15 ]
Rnode 1sland g.4" 5.2° 12 3
New York 59.4 36.9 20
Pennsylvania 89.0 585.3 18
New Jersey 12.9 8.0 7 1
Delaware 1.3 0.8 S i ‘
Maryland 10.8 - 6.7 8 ' ‘
Virginia 22.2 13.8 5 : ; {
North-Central States ; ;
Ohio 173.1b 107.6° , 10 i
West Virginia 27.2 16.9 12 |
Kentucky 34.9 21.7 .5 i
Indiana : 25.3 15.7 . 8 :
[11inois 62.9 39.1 9 H
Michigan 37.8 : 23.5 - 20 -
Wisconsin 40.0 25.0 12 - :
Minndsota 186.0° 115.6° 15 P
North Dakcta 111.8° 69.5° 10 | by
Soutnera States
Arkansas NA NA 3 g
Tennessee NA NA 3 i
North Carolina 12.2 . 7.8 3 !
Mississipoi ‘ 5.3 3.3 1 R
Alabama 0.1 0.1 1 ]
Georgia 7.2 4.5 1 : 3
South Carolina NA N 1 : ! |
Louisiana NA NA 1 51
Florida ' 0.0 0.0 0 ;
(continued). i
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TABLE 13 (Continued)

Single-lane Single-lane
kilometers miles
‘ treated treated Mean annual
State x 1,0008 x 1,000% snow days®

West-Central States

lowa 21.1 13.1 10

Missouri 51.5 32.0 7

¥ansas 41.7b 25.9b 7

South Dakota 96.9b SO.Zb 10

Nebraska 123.9 77.0 10

Colorado 3.9 2.4 20
Southwestern States

Oklahoma NA NA . 3

New Maxico 11.7 7.3 16

Texas NA NA 3
Western States

Washingtan 24.6 15.3 15 -

IdahO' 16.1 10.0 * 20

Montana 3.2 2.0 20

Oregon 29.8 18.5 20

Wyoming 20.3 i2.6 20

California 9.7 5.0 5

Nevada NA NA 10

Utah © 20.4 12.7 20

Arizona NA NA 10
District of Columhia 1.3 0.8 7
Alaska MA NA 23
Hawais 0.0 G.0 0

3Sourca: Hames, R. E., L. W. Zelazny, and R. E. Blaser,

Salts on Water Quality and 3iota,

bMRI estimates.

Scurce: U.S. Department cf the Interior, Geciogical Survey, The Nationgl Atlas

of the United States (1970).
NA = Not available.

Effects of Deicing

Highway Research Board, National Coorerative

Highway Research Program Repcrt 91 (1970).
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16.3 RECCMMENCED PM,, EMISSICN FAC;FOR(S)
The recommended PM,, factor for sand application to roass is:
€10 = 2,000 f (s/.00) 1b/ton of sand applied
= 7.5 g/metric ton (0.018 1b/ton)

w-ere f is the proportion of PH,, in the silt fraction of sand (defaul: value

of 0.C026), and s is the silt content (percent) of the sand (default of.

0.35 percent).

The recommended PM,, factor for salt application to roads is:

Eio = 4.3 kg/metrizc ton (10 1b/ton)

The above factors apply to typical application scenarios of river sand
and salt mixtures applied to snow and ice covered trave! lares. Emissions of
road sard mixture < 10 um occur over long periods of time {weeks) following
road sanding. Runoff of PM,, fraction ir .1elted ice and snow is assumed to be

offset by traffic grinding of the sand and salt mixture and creation of new
PM,, fractions. '

16.4 REFERENCE DGCUMENTS
AP-42, 8§11.2.5 (with associated references), and

Cowherd, C. Jr., and M. A. Grelinger, Predictiori of Inhalation Exposure to
Particulates for New Chemical Review, Final Report prepared for EPA,
Washington, D.C. by Midwest Research Institute, October 1987.

Kaufmann: 0. W., editor, Sodiwn Chloride: The Production and Przgerties of

Salt and Brine, American Chemical Society Moncgrapn Series, Fafner Pub-

1ishing Co., New York, NY, 1968.

Kinsey, J. S., Mineral Characterization of Selected Soil Samples, Final Regcor:
prepared by Midwest Research [nstitute for New Mexico University Physicai
Sciences Laboratory, Las Cruces, NM, January 198S.

Mcilroy, A. J., 2t al., Liading Functicns for Assascment 37 darar ?9ilu-

tion from Nonpoint Sources, EPA-600/2Z-75-151, Frepared foar EPA,
Wast agton, DC, by Midwest :search Instituta, May 1976.
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SECTION 17.0
UNPAVED FAPKING LOTS

17.1 INTRODUCTIOM

Particle emissions are produred by vehicle traffic on any unpaved sur-
face, inciucing parking lots. Averagc vehicle characteristics (such as speed,
weight, ecc.) are dependent upcn the size and purpose of lot. Source extant
(i.e., distance traveled in the lot) is also dependent upon those factors, as
well as the average fraction of the lot in use over an averaging time, driver
preferenca, crientation of entrance/exit{s), and ultimate destination(s),
etc.

17.2 3ASIS FOR QERIVATION OF PM o EMISSION FACTOR

The AP-42 PM,, unpaved road predictive emission factor equation was used
to estimate travel emissions frcm vehicles in parking lots. This unpaved road
equation is:

E=0.61 (§5) (35) (o) 7 (%) °° (382, Kkg/vkr

£ 21 (8) (S (9)°7 (9" (352) wrwe

silt content of aggregate or road surface marterial (%)
average vehicle speed, kph (mpn) -

average vehicle weight, Mg (%ons)

average number of vehicle wheeis

number of wet days (> 0.254 mm or 2.0l in of precicitation)

whera:

JE XL
nouwH N

The emission factor 1s based on assumed values of:

Silt = 12 percent
Avg. No. of wheels = 4
Avg. weight = 3 tons (2.7 Mg)

and ~n assumed speed of 10 mph (16 kph) in the lot. Ten miles per hour was
assumed her= to restrict attention to parking lots only. .

The source extent usad in the proposed emission factor equation, L+W
meters, assumed that the average one-way trip consists of driving between the




.

v
t
!
H
'
.8
'.
H
l!
i

middle of the lot and the exit. [t is further assumed that the one-way dis-
tance is (L+4¥)/2 (i.e., the vehicle travels halfway down the perpendicular
dimension and halfway down the paraliel gimension). Because each vehicle
parked must travel both iegs of (L+W)/2, the total distance traveled by each
vehicle parked is 2 x (L+W)/2 = L+W.

17.3 RECCMMENDED PM,, EMISSICN FACTOR

E,0 = 0.2 3%%%2 (L + W)y g/vehicie perked (in time pe-iod of jnteres:)

where p = number of days/year with rain (Figure 11.2.1-1 in AP-42)
L = dimension of parking lot (m) perpendicular to aisles
W = dimension of parking ict (m) parailel to aisles

~ Several assumptions were made in dbtaining the preliminary estimars.
Tsese were described in Section 17.2. In addition, several caveats should b2
noted: :

a. The emissicn factor and the source extent may be very site-specific
in that usa of the lot may be by heavier vehicles, or may- be cshared
by a number of facilities (thus resulting in clusters, each with
their own source extent). In additic-, driver preference may resuls
in substantially higher travel speeds or in longer travel dis-
tances.

b. The equation recommended earlier will require that the total number
of vehicles parked per unit time be determined by counting or other
means. This may nct he practical in all instances.

17.4 REFERENCE DOCUMENTS

AP-42 {ll.2.







Reproduced by NTIS

National Technical Information Service
U.S. Department of Commerce
Springfield, VA 22161

This report was printed specifically for your
order from our collection of more than 2 million
technical reports. '

For economy and efficiency, NTIS does not maintain stock of its vast
collection of technical reports. Rather, most documents are printed for
each order. Your copy is the best possible reproduction available from
our master archive. If you have any questions concerning this document
or any order you placed with NTIS, please call our Customer Services
Department at (703)487-4660.

Always think of NTIS when you want:

e Access to the technical, scientific, and engineering results generated
by the ongoing multibillion dollar R&D program of the U.S. Government.
¢ R&D results from Japan, West Germany, Great Britain, and some 20
other countries, most of it reported in English.

NTIS also operates two centers that can provide you with valuable
information:

e The Federal Computer Products Center - offers software and
datafiles-produced by Federal agencies.

¢ The Center for the Utilization of Federal Technology - gives you
access to the best of Federal technologies and laboratory resources.

For more information about NTIS, send for our FREE NTIS Products

and Services Catalog which describes how you can access this U.S. and
foreign Government technology. Call (703)487-4650 or send this
sheet to NTIS, U.S. Department of Commerce, Springfield, VA 22161.
Ask for catalog, PR-827.

Name
Address

Telephone

de in filling your order, if the item was received

NTIS does not permit return of items for credit or
refund. A replacement will be provided if an error
in damaged condition, or if the item is defective.

is ma

- Your Source to U.S. and Foreign Government
Research and Technology.




